We have studied the efficacy of preoxygenation using the Triservice Anaesthetic Apparatus (TSA) 
Drawover anaesthesia is used when the supply of compressed gas is restricted, for example in military environments or the third world [1] . The use of air as the main inspired gas reduces or eliminates the requirements for compressed oxygen. For some cases (emergencies, obstetrics etc.) it is still advisable to preoxygenate the patient before induction of anaesthesia. The Triservice Anaesthetic Apparatus (TSA) [2] is a compact, lightweight, drawover anaesthetic system which has been adopted by the British armed services for field use and is commercially available. It offers an oxygen supplement of either 1 or 4 litre min" 1 using the Houghtonox oxygen flow control. For preoxygenation, a flow of oxygen 4 litre for 3 min is recommended (a total of 12 litre of oxygen).
The purpose of preoxygenation is to extend the period of apnoea during induction before hypoxia occurs. In a drawover system inspired oxygen (Fi Oi ) is related inversely to minute volume, assuming there is no wastage of oxygen ( fig. 1) . If the alveolar oxygen content is dependent on FI OJ , the safe period of apnoea may be extended by increasing the FI OJ . Pulse oximetry enables this period to be measured non-invasively [3] .
Measuring FI OJ and Sp o , in routine use, the TSA was found to produce a low FI OJ and short periods of safe apnoea (Sp 0 , > 95 %). Methods of improving these without increasing overall oxygen usage were sought. Following a favourable result with the Bain system in a small pilot study, a formal clinical trial was carried out.
PATIENTS AND METHODS
Ethics approval was granted for this study by the Army Medical Services Research Executive. All patients gave informed consent.
Randomized parallel group study
Thirty ASA I male patients who required intubation for a short procedure entered the study. All were healthy and had passed a basic fitness test. The patient's weight, height, age and smoking habits were recorded before operation. Premedication was with papaveretum 15 mg and hyoscine 0.3 mg i.m. if the weight was less than 70 kg, otherwise papaveretum 20 mg and hyoscine 0.4 mg. Patients were allocated randomly to the study groups using the sealed envelope technique immediately before anaesthesia. Group 1 (n = 15). Arterial oxygen saturation («Sp 0 ,) was measured at rest, breathing air (Biox 3740, finger probe). Patients were preoxygenated using the TSA and oxygen 4 litre min" 1 (from an anaesthetic machine) for 3 min. FI OJ and end-tidal carbon dioxide concentration were measured continuously (Datex Multicap), sampling from the anglepiece of the mask. Sp o , and FI OJ were measured continuously and recorded at 1, 2 and 3 min. End-tidal carbon dioxide concentration was recorded at a steady state. Anaesthesia was induced with thiopentone 5-8 mg kg" 1 i.v. and, after loss of consciousness, suxamethonium 100 mg was given i.v. Time of apnoea was recorded from the loss of effective ventilation. A tracheal tube was inserted and left open to air.
•Spo, was recorded every 20 s up to 3 min unless it decreased to 95%. Anaesthesia was maintained with thiopentone. At 3 min or 95% saturation, the patient's lungs were ventilated with nitrous oxide and enflurane in oxygen, and the end-tidal carbon dioxide concentration of the first breath was recorded.
Group 2 (n = 15). These patients were treated in the same manner as those in group 1, but a Bain system attached to an anaesthetic machine was used with a fresh gas flow of oxygen 4 litre min"
1 .
Statistical analysis
Homogeneity of variance between groups compared was examined using the F test. Between group comparisons were made using the twosample t test (or the distribution free MannWhitney rank test, where departures from Normality were found). Where group variances were significantly different, the test attributable to Behrens [3] was used in place of the t test.
RESULTS
The two study groups were found to be comparable in age, weight, height, Sp o , (breathing air) and smoking habits (table I) .
There was a significant difference (P < 0.001) in FI OJ between the two groups. The TSA produced a mean Fi Oi of 0.59 (SD 0.09) at 3 min, compared with 0.93 (0.04) produced by the Bain system. During preoxygenation mean FE' COI was 5.44 (0.58) kPa in the TSA group and 6.18 (0.52) kPa in the Bain group (P < 0.001). Mean FE' COI for the first ventilated breath were 6.48 (0.58) kPa for the TSA group and 7.16 (0.64) kPa for the Bain group (P < 0.01) (table II) .
The mean time to desaturate to less than 95 % in the TSA group was 107 (44.2) s and in the Bain group it was 172.7 (13.7) s (P < 0.001) (table III) . At 1 min, three of the TSA group and none of the Bain group had desaturated and at 3 min, one of the TSA group was still saturated and 10 of the Bain group ( fig. 2) . None of the measured patient-characteristics had a significant effect on time to desaturation. Obesity has been shown to affect time to desaturation [4] ; only three of the subjects were slightly obese [5] . Comparison was made between the two groups for body mass index (BMI = weight (kg)/height 2 (m)) [5] ; no significant difference was found between the two groups. There was a non-significant trend towards earlier desaturation with increasing BMI in the TSA group.
DISCUSSION
The object of preoxygenation as part of a "crash induction "/rapid sequence induction is to provide time for a tracheal tube to be positioned during a safe period of apnoea. Suxamethonium takes 1 min [6] to cause satisfactory muscle relaxation; intubation and connection to the breathing circuit also take appreciable time, even in skilled hands with a normal patient. If anaesthetists are less experienced or intubation is difficult, more time is required. During the randomized study when desaturation occurred in less than 60 s (n = 3), intubation was not always complete.
Obesity may reduce the safe period of apnoea because of a reduction in FRC. Because of patient selection, there were not enough obese patients to draw useful conclusions from this study about the effects of obesity on preoxygenation.
In order to increase FI OI , a semi-closed system was used. As the gas flow was less than expected minute volume, rebreathing was inevitable but, as shown in table II, it did not result in unacceptable values of FE' COI .
The choice of semi-closed system lay between a Mapleson A or D system. The Mapleson A would seem initially to be the better choice because of greater efficiency during spontaneous breathing. However, with the minute volumes of 7-14 litre encountered (inferred from Fi Oi with the TSA) and found by others [7] , and a fresh gas flow of only 4 litre, considerable rebreathing would occur with both systems.
With the Mapleson A system, there is a delay in the increase in Fi 0] while the bag fills. If a leak occurs between the facemask and face, the gas lost is fresh gas and rebreathing occurs until the pressure in the reservoir exceeds the opening pressure of the Heidbrink valve. Attempting to use it with 4 litre of oxygen before the trial, we found it impractical, and in inexperienced hands it was unreliable.
A Mapleson D system with an efferent reservoir rapidly reaches a high FI OJ and if there is a leak around the mask there is no delay in restarting preoxygenation after the mask is repositioned, because the fresh gas is supplied to the patient end. In contrast, the time taken by a drawover system to reach peak FI OJ is dependent on the system volume distal to the oxygen inlet and the minute volume. Although this delay can be reduced by placing the oxygen inlet nearer the patient, the Fi o is still limited by the oxygen supply ( fig. 1 ). This is inherent in any drawover system.
Three or four vital capacity breaths have been suggested as an alternative method of preoxygenation [4] , but this is less reliable in severe lung disease or pregnancy [8] . It is equally likely that the injured may find it less satisfactory, especially if breathing is limited by pain. After successful preoxygenation, it is essential to prevent a patient breathing air; oxygen must be supplied until apnoea occurs. In sick or injured patients, induction is likely to be slow because of slow circulation times and caution with drug doses. Systems which require high flow rates of oxygen are wasteful during the induction time. When oxygen supplies are limited by logistic or economic factors, a 3-min preoxygenation using oxygen 4 litre min"
1 and a Bain system may achieve adequate preoxygenation efficiently. Allowing 3 min for preoxygenation also seems an easier manoeuvre for the inexperienced anaesthetist than vital capacity breaths.
In conclusion, using the TSA, low Fi Ot limited the effect of preoxygenation in our healthy young patients. Similar results may be predicted in any other drawover system. Worse results may be expected in the old or ill. Better preoxygenation may be achieved with the same flow of oxygen using a Mapleson D system. The Bain system provides a light and convenient method of doing this if the oxygen supply from the Houghtonox valve is connected to the proximal end of the Bain system. When induction has been completed, a drawover system may be used for maintenance of anaesthesia.
